The 35 C1 NQR spectra of several chlorodifluoroacetates were studied as a function of temperature, including the acid ClF2CCOOH. The cations were: Ammonium, guanidinium, paramethylanilinium. Also some acid salts M®ClF2CCOO e • n-ClF2CCOOH (n>l) were studied by 35 C1 NQR. The bleaching temperatures of the NQR signals were determined. In the para-methylanilinium salt and in the guanidinium salt a phase transition has been observed. The crystal structure of guanidinium chlorodifluoroacetate has been determined at room temperature (a = 1089 pm, 6 = 845 pm, c = 832 pm, space group Pnma, Z = 4). For comparison, guanidinium dichloroacetate was studied by 35 C1 NQR and by X-ray diffraction, too: P2i/c, Z=4, a = 804pm, 6 = 1202 pm, c= 1080 pm, ß = 131.58°. For guanidinium chlorodifluoroacetate and chlorodifluoroacetic acid, the 35 C1 spin lattice relaxation time Tt and the line width have been followed up as a function of temperature. Therefrom, the activation energies of the reorientation motion of the group -CF2C1 have been determined to be 14 kJ • mol" 1 (from Tj) and 12.5 kJ • mol" 1 (from A\) for the pure acid and 9.2 kJ • mol" 1 and 8.8 kJ • mol" 1 , respectively, for the guanidinium salt.
Introduction
Proton transfer compounds with trichloroacetic acid, (TCA), as proton donating part have been investigated extensively, especially by 35 C1 NQR [1] [2] [3] [4] [5] [6] [7] . Lynch et al. [8] worked on the problem, particularly by using 35 C1 NQR spectroscopy, of acid salts of trichlor-and dichloroacetic acid, and they discussed the results in the light of crystal structure and hydrogen bond of carboxylic acids. A review on the later topic is given by Speakman [9] .
Whereas the acidity of the dichloroacetic acid, (DC A), is considerably weaker than that of TCA, leading to a diminuation of the proton transfer power, chlorodifluoroacetic acid, (C1F 2 A), is comparable in its acidity with TCA. We have investigated a number of salts of C1F 2 A, neutral and acid ones, and shall report here on their properties. Also the pure acid ClF 2 CCOOH was studied with 35 C1; 35 C1 NQR spectroscopy at 77 K of his compound is reported in [10] . For comparison, we have studied the structure and 35 C1 NQR of the guanidinium salts of carboxylic acids and of guanidinium dichloroacetate.
Experimental
The compounds studied were prepared by mixing stoichiometric amounts of an aqueous solution of the carboxylic acid and the base of the cation. The solutions were slightly acidified with the carboxylic acid; in preparation of the acid salts a small excess of the acid above the wanted stoichiometry was present, too. The solutions were crystallized at room temperature by slow evaporation of the solvent H 2 0. The basic chemicals were of laboratory grade (Aldrich). In Table 1 the compounds studied are given with the C, H, N elemental analysis for some of them.
For the crystal stucture determination a 4-circle X-ray diffractometer was used. Suitable crystals for the X-ray work were grown from aqueous solution. The experimental conditions for the X-ray work and some crystallographic data of the studied compounds are given in Table 2 . The structures were determined by direct methods [11] The hydrogen positions have been taken from difference Fourier synthesis and all atomic coordinates were least squares refined [12] .
The 35 C1 NQR spectra have been recorded with a superregenerative spectrometer. The wanted temperatures at the sample site were created by a temperature and flow regulated nitrogen gas stream, by immersion of the sample in liquid nitrogen, by thermostats with methanol or silicon oil as the cooling (heating) liquid, respectively, adapted to the temperature range in question. For completeness, at some temperatures the 37 C1 NQR spectra were observed, too.
Applying the n-T-n/2 pulse sequence, the 35 C1 spin lattice relaxation time was determined with pulse NMR equipment (Matec). For the sample temperature in the T 1 ( 35 C1) measurements a flow and temperature regulated nitrogen gas stream was used.
Results

Crystal Structures of Guanidinium chlorodifluoroacetate (GuClFjA) and Guanidinium dichloroacetate (GuDCA)
In Table 2 crystallographic data of the title compounds are given together with the experimental conditions for the structure determination. We mention that we have non unique decision about the space group of GUC1F 2 A. Both, the centrosymmetric space group listed in Table 2 and the correlating noncentrosymmetric space group C 2v -Pna2 1 are possible and the crystal structure can be described within both crystal symmetries. In the noncentrosymmetric case the R-value is, of course, slightly lower. We return to this question lateron in the paper.
The positional parameters in the unit cell of Gu-C1F 2 A and GuDCA listed in Table 3 together with the thermal parameters. In Table 4 we have collected the intraionic distances and angles for GUC1F 2 A and GuDCA; included are some interionic distances characterizing the hydrogen bonds. Figure 1 shows the projection of the unit cell of GUC1F 2 A along the crystallographic c-axis. The hydrogen bond system is marked by dashed lines. Figure 2 shows the projection of the unit cell of GaDCA along the a-axis. Again the hydrogen bonds are marked.
C1 Nuclear Quadrupole Resonance
Chlorodifluoroacetic Acid, ClF 2 
CCOOH
The 35 C1 NQR spectra of the compounds listed in Table 1 Numbering of atoms in the molecule (see Table 3 
N ( 1.2789 (1) 0.4190(1) 0.3030 (1) 512 (4) 969 (5) 863 (5) 53 (3) 492 (4) 177 (4) 0.9627(1) 0.6006(1) 0.1673 (1) 660 (5) 791 (4) 772 (5) 16 (3) 430 (4) -257(4) 0.7842 (2) 0.4081(1) 0.2117 (2) 347 (4) 655 (9) 417 (8) 93 (7) 182 (7) -18(7) 1.0816 (2) 0.3826(1) 0.4786 (2) 428 (9) 639 (9) 413 (8) -20 (7) 182 (7) -86(7) 0.6005 (3) 0.1958 (2) 0.3351 (3) 379 (11) 462 (11) 469 (11) 1 (9) 283 (10) 19(9) 0.9810 (3) 0.4248(2) 0.3400 (3) 364 (11) 428 (10) 438 (12) -15 (9) 252 (10) 24(9) 1.1225 (3) 0.5034(2) 0.3294 (3) 377 (12) 538 (12) 469 (13) 57 (10) 246 (11) 56(10) 0.5135 (3) 0.2393(2) 0.1911 (2) 419 (11) 708 (13) 387 (11) 129 (10) 170 (9) -17(10) 0.7901 (3) 0.2372(2) 0.4722 (2) 457 (11) 655 (12) 367 (10) 81 (9) 226 (10) 0(0) 0.4990 (4) 0.1151(2) 0.3449 (3) 554 (14) 658 (13) 624 (14) 132 (11) 376 (12 trum of C1F 2 A at 77 K was already reported by Lücken [10] , and within the limits of error there is in agreement with the value we found (37.486 MHz this paper, 37.485 MHz [10] ). In Fig. 3 the graph v( 35 Cl) =f(T) is shown.
An experimental problem occurred in the study of C1F 2 A, the origin of which is not clear yet. The first sample of C1F 2 A used showed at T = 230 K a small peak in the differential thermoanalysis, DTA. We carefully studied the temperature dependence of v( 35 Cl) around T = 230 K but dit not find any sign of a phase transition in the NQR spectrum. A second sample, of the same source (Aldrich), was without a DTA peak, and all the data on C1F 2 A we report here have been collected with the second sample. The interesting point is that v( 35 Cl) = f(T) is almost identical for both samples, distinctly differing at 77 K by 20 kHz and merging at temperatures above 200 K. Some impurity effect seems to be responsible for that observation. 35 C1) decreases strongly with increasing temperature and is <100 ps shortly below the melting point of the compound; this is seen in Figure 5 .
For C1F 2 A and all other compounds studied here, we have rationalized the temperature dependence of the 35 C1 NQR frequencies by developing v( 35 Cl) = f{T) in a power series
The coefficients of the power series are given in Table 5 .
In Table 6 we list the 35 C1 NQR frequencies at 77 K and at the bleaching out point (or an other chosen temperature) together with the signal to noise ratio, (S/N), and some other data of interest. The 35 C1 NQR spectrum, a single line, of ammonium chlorodifluoracetate was studied in the range 77 < T/K<fade out temperature (T b ). Also para-methylanilinium chlorodifluoroacetate shows a single line Figure 9 ; frequencies and parameterization of v( 35 Cl) = f(T) are found in Tables 5 and 6 . DTA experiments have shown that 4-(CH 3 )C 6 H 4 NHf • ClF 2 CCOO e undergoes a phase transition solid <-*• solid at T = 295 K. Since the fade out temperature T b of the 35 C1 NQR line is near 120 K, it was not our aim to study the crystal structure of this compound.
C1 NQR spectrum. For these two compounds v( Cl) =f(T) is shown in
M®ClF 2 CCOO e • nClF 2 CCOOH
We have tried, see Table 1 , to synthesize acid salts of the chlorodifluoroacetic acid. The results of the chemical analysis, preliminary X-ray diffraction studies, and the 35 C1 NQR results are not concordant. We report here the temperature dependence of the 35 C1 NQR spectra for the salts with M = K, Rb, Cs, and TI; n is unknown, >1. Figure 10 shows v( 35 Cl)=/(T); frequencies etc. are given in Tables 5 and 6 .
Guanidinium dichloroacetate, C(NH 2 )f• Cl 2 HCCOO e
GuDCA reveals a two line 35 C1 NQR spectrum, smoothly following the Bayer model [13] . v( 35 Cl) = f(T) is shown in Figure 11 . The two line spectrum shows no sign for as phase transition over the whole temperature range studied. Bleaching out (fade out) of the chlorine NQR resonances was observed; the signals disappear at 405 K (30° below the melting point). For 35 C1 NQR frequencies etc. see Tables 5 and 6 Let as first consider the intraionic structure of the guanidinium ion in both compounds. The best plane through the carbon atom and the three nitrogen 3) ) in GuDCA. This proves: The carbon-nitrogen frame in the guanidinium ion is essentially planar with a very slight deformation to a trigonal pyramid. The hydrogens of the guanidinium ion are in both compounds out of plane, but we shall not discuss this in detail because of the uncertainties of the hydrogen positions. As mentioned above, the crystal structure of GUC1F 2 A can be described in the centrosymmetric space group Pnma and in the acentric space group Pna2!. In both descriptions, the 35 C1 NQR single line spectrum of GUC1F 2 A is in accordance with the crystal structure. A deciding experiment would be provided by 14 N NQR, which in the case of centrosymmetry would show two different 14 N nuclear quadrupole coupling constants (for N U) and N <2) ), and in the case of noncentrosymmetry three coupling constants of 14 N ( N U) ? N (2) , N (3) ). A 14 N NQR experiment and crystal structure determination well above and below the phase transition point have to be done.
In agreement with the crystal structure, the 35 C1 NQR spectrum of GuDCA shows two lines. The splitting is small, 120 kHz at 77 K, 160 kHz at 405 K, not matching the fairly large difference in the bond distances C-Cl (178 and 176 pm).
The distances C-Cl are in the range reported in literature. In GuDCA the mean distance C-Cl is 177 pm; in 4-methylanilinium dichloroacetate it is 176.5 pm for both formula units in the asymmetric unit of the elementary cell, and in 3,4-dimethylanilinium dichloroacetate the mean is 175.7 pm [7] . There is a shortening of the C-Cl bond length in the group C1F 2 C -compared to the dichloro-and trichloromethyl group. The bond length C-Cl in GUC1F 2 A is 171 pm. One should not overestimate such a comparison of bond distances, since the 35 C1 NQR experiments show that in many cases the C-Cl bond may by dynamically shortened due to the motion of the halogenomethyl group.
The hydrogen bond system in the title compounds of which the crystal structures are reported here is not a strong one. The bond scheme can be seen in Figs. 1 and 2 . The interionic bond distances (Table 4) [15] , It is a weak hydrogen bond network in the two compounds; but at least two bonds connect each oxygen of the cation with the nitrogen of the anions in both compounds.
In Figs. 4 and 5 we have shown the line width and the reciprocal spin lattice relaxation time of the 35 C1 NQR in chlorodifluoroacetic acid. In Figs. 7 and 8 these properties are given for guanidinium chlorodifluoroacetate, phase II. Therefrom the activation energy of the reorientational motion of the group -CF 2 C1 can be calculated. Ti is determined by the Table 7 . The activation energies and parameters (see (2)- (4) librations and the reorientations of the group as follows [16, 17] :
TfMrf^b + fTf'Ur (2) and
From the line width as a function of temperature, the activation energy can be found, too [6] :
In Table 7 we report the results for the reorientational motion we found for chlorodifluoroacetic acid and for GuClF 2 A. Also some literature data for the reorientational motion of the -CF 2 C1 group are given for comparison. Determinations of the activation energy E a for the reorientation of the group -CC1 3 in trichloroacetates can be found in literature [6, 20, 21] . 
Introduction
The formation of inclusion complexes by the Werner complexes of the type Ni(NCS) 2 (a-arylalkylamine) 4 with aromatic compounds as guest molecules has recently been reviewed [1] . In contrast to the wellknown complexes of Ni(NCS) 2 (4-methylpyridine) 4 [2] these complexes have flexible structures which often given rise to molecular disorder, rendering difficult the determination of their crystal structure. As a consequence the physio-chemical behaviour of only a few such complexes has been studied so far [3, 4] .
Nuclear Quadrupole Resonance (NQR) has previously proved to be a powerful tool for the study of inclusion complexes [5] and we report here an NQR and calorimetric study of the clathrate formed by the complex Ni(NCS) 2 (a-phenylethylamine) 4 with o-dichlorobenzene (ODCB) as a guest molecule. 
Experimental
Preparations
The clathrate was prepared according to the method reported in the literature [6] , by titrating an aqueous solution of nickel thiocyanate with stoichiometric quantities of fresh racemic a-phenylethylamine in the presence of ODCB at room temperature. The unclathrated complex was prepared in a similar manner in the absence of ODCB. The precipitated complex was briefly sucked dry and immediately subjected to the NQR or calorimetric study. The instability of the clathrate prevented satisfactory microanalysis, but from the calorimetric study we obtained an approximate composition of 1:1.
The initial ratio of host complex to guest molecule plays an important role in the formation of an ordered clathrate, which was only formed when the initial host:guest ratio was kept below 1:3; an excess of ODCB always gave rise to a failure to produce the ordered clathrate.
Nuclear Quadrupole Resonance
NQR spectra were measured on a Decca superregenerative spectrometer, frequencies being compared to harmonics from an internal crystal-con-trolled oscillator. Temperatures were measured with a Hewlett-Packard 2802 digital thermometer (precision + 0.5 °C) and varied between 77 K and room temperature with an Artronix 5301-E temperature controller.
Calorimetry
The calorimetric measurements were performed from 210 to 300 K in a Setaram BT 2.15 calorimeter. The samples (600 + 5 mg) were introduced into the calorimeter at room temperature, cooled under dry helium at a rate of 0.5 °C/minute to 200 K, held for 30 minutes at this temperature and then heated at a rate of 0.3 °C/minute to the final temperature of 300 K.
Results and Discussion
CI NQR
The clathrate exhibits two 3 5 CI resonances of equal intensity at 77 K (Fig. 1 a) , situated respectively at 35.840 and 36.080 MHz. Thus either there are two distinct sites in which the ODCB molecule retains its two-fold symmetry or there is just one site in which the two-fold symmetry of free ODCB is lost. Occam's razor favours the latter hypothesis.
The temperature-dependence of the 35 C1 resonance frequencies is shown in Figure 2 . As usual, the NQR frequencies show a negative temperature-dependence, [7] , up to 230 K when they rapidly and irreversibly disappear. On cooling the sample to 77 K a new set of 35 C1 resonance frequencies at 35.580, 35.775 and 35.824 MHz are observed (Fig. 1 b) , which can be identified with those of free non-clathrated ODCB [8] (Figure 1 c) .
The clathrate is in fact unstable even at 77 K, although several months are required for the transition to go to completion. It is interesting to note, however, that whereas at room temperature about one week is required for the transition to occur, at 230 K the change is over in less than an hour.
Calorimetry
Figures 3a-d show the calorimetric curves of the host complex and of the clathrate with increasing temperature. Whereas no signals occurred for the pure host (Fig. 3 a) 270 K (Figure 3 b) . In Fig. 3e is shown the curve for a mixture of the host with two moles of ODCB; the same three signals are observed but that at 249 K has doubled in size. Finally Fig. 3d shows the curve for the clathrate. In addition to the above three signals an exothermic signal, 1, is observed at 225 K, in the region of temperature at which the NQR resonances irreversibly disappears. We thus attribute this exothermic signal to the phase change of the clathrate.
The three endothermic signals at 249 K, 261 K and 270 K thus arise from a physical, non-clathrated, mixture of the host molecule and ODCB. Pure ODCB melts at 256 K, the transition at 249 K is almost certainly to be ascribed to the lowered melting point of ODCB. We are unable to provide a satisfactory explanation of the two other transitions, other than saying that they must be due to (presumably) non-clathrating interactions between the pure host and guest molecules.
Nassimbeni et al. [3, 4] have reported two molecular forms for the octahedral host complex Ni(NCS) 2 -(a-phenylethylamine) 4 . One form, in which the thiocyanate groups are in the trans configuration, forms clathrates with a variety of guest molecules, while the other, where the thiocyanate groups are in the eis position, appears to be incapable of forming a clathrate. Nassimbeni reports a calculation of an energy difference between the trans and the eis configuration of about 10 kJ mol -1 and a barrier to the conversion of the trans configuration to the eis configuration of between 80 and 147 kJ mol -1 , depending on the path taken for the interconversion. We therefore ascribe the irreversible transition at 230 K to a change in configuration of the host complex and the expulsion of ODCB from the lattice. The similarity of the calorimetric curves of the 1:1 unclathrated mixture of the host complex and ODCB (Fig. 3 b) and the clathrate above the transition temperature (Fig. 3 b) , both with respect to the positions of the calorimetric signals and their intensities, is the basis of our assignment of a 1:1 host: guest ratio to the clathrate.
